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Call routing in a radio system 
Field of the invention 

The invention relates to call routing via a moving base station in a 
5 radio system, and to a radio system. 



Known aircraft telephone systems operate like closed radio net- 
works. In these systems, aircraft passengers and crew can use terminals in 

10 an aircraft to call to subscribers in a terrestrial telephone network. The calls 
made are charged, for example, on a credit card. Figure 1 of the attached 
drawing shows in a block diagram the structure of an aircraft telephone sys- 
tem. A call made from a telephone system 10 located in an aircraft is routed 
via a satellite 12 to a ground earth station GES, whose transceiver TRX 

15 forwards the call via a switch SW to the subscriber through a public switched 
telephone network PSTN. A few simultaneous calls can be connected and 
routed from an aircraft. 

Figure 2 of the attached drawing shows a simplified block diagram 
of the Global System for Mobile communications (GSM). A mobile station MS 

20 is connected over a radio path to a base transceiver station BTS, in Figure 2 
to BTS1. A base station controller BSC controls the operation of the base 
transceiver stations BTS dedicated to it. A base station sub-system BSS 
comprises the base station controller BSC and base transceiver stations BTS 
controlled by the base station controller BSC. A mobile services switching 

25 centre MSC usually controls several base station controllers BSC. The mo- 
bile services switching centre MSC is connected to other mobile services 
switching centres and the GSM network is connected via a gateway mobile 
services switching centre GMSC to other networks such as a public switched 
telephone network PSTN, another land mobile network PLMN or an ISDN 

30 network. The operation of the entire system is controlled by an operation and 
maintenance centre OMC. 

The subscriber information of a mobile station MS is stored per- 
manently in the home location register HLR of the system and temporarily in 
the visitor location register VLR of the area in which the mobile station MS is 

35 currently located. During location update, the infonnation stating the visitor 
location register VLR, whose area the mobile station MS is in. is updated to the 
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home location register HLR. Tiie location information of the mobile station MS 
is stored in the visitor location register VLR with an accuracy of the location 
area LA. The geographical area controlled by the visitor location register is 
divided into one or several location areas LA, which can each have one or 
5 several base transceiver stations BTS. Each base transceiver station BTS 
continuously transmits information for all of the mobile stations on its broad- 
cast channel. This information includes the base station identity code BSIC, 
the location area identifier LAI and information about the frequencies of the 
neighboring base stations to be measured by the mobile stations MS. When 

10 the mobile station MS moves so that the received location area identifier 
changes, the mobile station starts the location update for the network. 

The location information in the subscriber information of the mobile 
station is used, for example, for routing calls. In a mobile communications 
system of the GSM type, a mobile terminating call is routed to the mobile 

15 services switching centre MSG of the current location area of the mobile 
station MS according to the location information in the home location register 
HLR. On the basis of the information in the visitor location register VLR, a 
paging message is sent for the mobile station MS on the paging channels of 
ail of the base transceiver stations BTS of the current location area. After the 

20 mobile station MS has responded, the call is connected on a channel of that 
base transceiver station BTS through which the mobile station MS re- 
sponded to the paging message. A mobile communications network identi- 
fies the mobile station MS on the basis of the international mobile subscriber 
identity IMSI stored on the SIM card of the mobile station MS and/or on the 

25 basis of the temporary mobile subscriber identity TMSI given by the visitor 
location register VLR to the mobile station MS. 

Cellular radio networks such as the GSM system described above 
are designed only for terrestrial use. Therefore, it is not possible to use a 
mobile station of terrestrial type in an aircraft, especially as it is forbidden by 

30 the authorities. Also the moving nature of an aircraft presents a problem. In 
the aircraft telephone system described above, the problem is the fact that 
the system can only route a few simultaneous calls. Additionally, the calls are 
charged on a credit card and passengers cannot receive calls during the 
flight. 



35 
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Summary of the invention 

The object of this invention is to enable call routing between a 
moving target, such as an aircraft or a ship, and a public land mobile com- 
munications network. 
5 This is achieved by using a method according to the invention 

characterized by what is stated in the independent claim 1. Specific em- 
bodiments of the invention are presented in the dependent claims. 

The invention relates also to a radio system characterized by what 
is stated in the independent claim 7. 

10 The invention is based on the idea of routing the calls between the 

mobile sen/ices switching centre and the ground earth station via a dedi- 
cated control unit in a mobile communications system. Between the ground 
earth station and a moving cell, such as an aeronautical cellular network 
(ACNW) in an aircraft, the calls are routed via a satellite. 

15 The advantage in this kind of call routing is that it is suitable for 

routing calls from subscribers of any cellular networks even when the terres- 
trial networks are not compatible. The method can also be used, for exam- 
ple, in routing data or signaling messages. An additional benefit is the fact 
that charging is handled by the subscriber's operator. 

20 The method according to the invention also has the advantage of 

minimizing signaling in the network. The reachability of the subscriber is also 
made better. 

The advantage of the radio system according to the invention is 
that the call relaying capacity can be arranged to be sufficient. 

25 

Brief description of the figures 

The invention is now described more closely in connection with 
embodiments of the invention referring to the example in Figures 3 and 4 of 
the attached drawings, in which 

30 

Figure 1 
Figure 2 

Figure 3 

35 



shows the structure of a known aircraft telephone system, 
shows the parts of a known mobile communications network that 
are relevant for the invention; 

shows the structure of a radio system according to the primary 
embodiment of the invention; and 
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Figure 4 shows the structure of a radio system according to the secondary 
embodiment of the invention. 

Detailed description of the invention 

5 The invention can be applied in connection with any mobile com- 

munications system. As an example, the invention is described beiow in 
more detail primarily in connection with the digital GSM system. Figure 2 
shows the simplified stmcture of a GSM network as described earlier. For a 
more detailed description of the GSM system, a reference is made to GSM 

10 specifications and to the book: 'The GSM System for Mobile Communica- 
tions". M.Mouly & M. Pautet. Palaiseau. France. 1992, ISBN:2-95071 90-0-7. 

The invention is described in more detail below in connection with 
the primary embodiment of the invention with reference to Figure 3. 

Figure 3 shows an arrangement for connecting an aeronautical 

15 cellular network to a ten-estrial mobile communications system. A cellular 
network 10 located in an aircraft preferably comphses a base station, termi- 
nals connected to it in some allowed manner and an aeronautical earth sta- 
tion (AES) located in an aircraft for relaying calls between the aircraft and a 
satellite. The terminals include a unit for identifying the subscriber. For ex- 

20 ample, in the case of a GSM subscriber this unit is a SIM card, which con- 
tains, for example, the international mobile subscriber identity IMSI. The 
subscriber infomnation stored in the public mobile communications system 
can be found by means of the IMSI. The identification of the mobile sub- 
scriber with the SIM card makes it possible to charge the calls made by the 

25 subscriber via the mobile communications network. The subscriber can also 
be reached during a flight since the network is informed about the informa- 
tion in the SIM card in the location update perfomned during the registration. 
The method of realizing the connections between the terminals and the base 
station in the aeronautical cellular network is not essential to the invention. 

30 According to the primary embodiment of the invention, a call is 

routed between the subscriber located in an aeronautical cellular network and 
the mobile services switching centre MSG via a satellite 12, a ground earth 
station GES and the base station controller BSC dedicated to this ground earth 
station in the mobile communications system. The following describes the 

35 primary embodiment of the invention in detail in a case which concerns the 
routing of a call originated by a mobile subscriber traveling in an aircraft. The 
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mobile originating call is transferred via a base station located in the aircraft to 
the aeronautical earth station (AES) from which the call is transmitted over a 
radio path 31 to a satellite 12, which is preferably a relay satellite meant for 
public satellite traffic. From the satellite 12 the call is transmitted over a radio 
5 path 32 to the ground earth station GES from which the call is transferred to 
the base station controller BSC dedicated to this ground earth station. From 
the base station controller BSC the call is transferred to the mobile services 
switching centre MSC from which the call is routed to the desired subscriber in 
some mobile communications system or via a public telephone network to 

10 another network. 

As the subscriber registers with the aeronautical cellular network by 
using a terminal, location update is carried out in the terrestrial mobile commu- 
nications system. During the update the information about the location of the 
mobile subscriber is stored into the visitor location register VLR of the network 

15 and to the home location register HLR of the subscriber. On the basis of this 
location information, calls made to the mobile station MS can be routed ac- 
cording to the invention as described in more detail in the following. For exam- 
ple, when trying to reach a mobile subscriber traveling in an aircraft, the home 
location register HLR of the subscriber and the visitor location register VLR, 

20 whose area the subscriber is currently on, are asked for the subscriber location 
information according to prior art. On the basis of the location area information 
of the subscriber, the call is routed to a mobile services switching centre MSC 
and from there to the base station controller BSC controlling the moving loca- 
tion area of the subscriber. The base station controller BSC relays the call via 

25 a ground earth station GES. a satellite 12, an aeronautical earth station (AES) 
located in an aircraft, and a moving base station to the terminal of the mobile 
subscriber. 

In the primary embodiment of the invention the base station con- 
troller BSC dedicated to a ground earth station GES is in fixed connection to 

30 the ground earth station. This base station controller BSC controls the opera- 
tion of the moving base station located in an aircraft regardless of the physical 
location of the aircraft at any given moment. Therefore, the moving location 
area formed by the service area of the moving base station is controlled by the 
base station controller BSC dedicated to this ground earth station GES, and all 

35 traffic and signaling to and from this location area are handled by the base 
station controller BSC in question. For example, the national telecommunica- 
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tions operator of the airline company can be authorized to control a nrioving 
base station. Thus, for example. Telecomi can be authorized to control mov- 
ing base stations located in the aircrafts of Airline 1 and to handle the traffic 
and signaling via its own mobile communications network. The satellite link is 
5 transparent as concerns the traffic and signaling, so it is compatible with differ- 
ent cellular systems. 

In the secondary embodiment of the invention, the call routing, traffic 
and signaling are relayed through the base station controller of the mobile 
communications network of the subscriber's home operator dedicated to the 

10 ground earth station GES. Otherwise, the arrangement corresponds to the 
arrangement described above in connection with the primary embodiment of 
the invention. In the following, call routing according to the secondary em- 
bodiment of the invention is described in detail with reference to Figure 4 in a 
case of a mobile originating call. The mobile originating call is transferred via a 

1 5 base station located in the aircraft to the aeronautical earth station (AES) from 
which the call is transmitted over a radio path 31 to a satellite 12, which is 
preferably a relay satellite meant for public satellite traffic. From the satellite 12 
the call is transmitted over a radio path 32 to the ground earth station GES 
from which the call is transfen^ed to the base station controller BSC of the 

20 mobile communications network of the subscriber's home operator, the BSC 
being dedicated to the ground earth station in question. From the base station 
controller BSC the call is transferred to the mobile services switching centre 
MSC from which the call is routed to the desired subscriber in a mobile com- 
munications system or via a public telephone network to another network. 

25 Routing of a call terminating to a subscriber located in an aircraft is 

realized according to the secondary embodiment of the invention as described 
in more detail in the following. On the basis of the location area information 
received from the subscriber's home location register HLR and from the visitor 
location register VLR, the call is routed to a mobile sen/ices switching centre 

30 MSC and from there to the base station controller BSC of the mobile commu- 
nications network of the subscriber's home operator controlling the moving 
location area, the BSC being dedicated to relay traffic of the ground earth 
station GES in question. The base station controller BSC transfers the call via 
a ground earth station GES, a satellite 12, an aeronautical earth station (AES) 

35 located in an aircraft, and a moving base station to the terminal of the mobile 
subscriber 
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In an arrangement according to the secondary embodiment of the 
invention, the controlling of a moving location area can be done with base 
station controllers of several operators BSC1, BSC2. BSCS, these controllers 
being in fixed connection with the ground earth station GES. In this case, for 
example, a call made by a Telecom2 subscriber is routed from an aircraft of 
Airiinel via a satellite 12, a ground earth station GES and a base station con- 
troller BSC2 dedicated by Telecom2 to the ground earth station GES. whereas 
a call made by a Telecomi subscriber traveling in the same aircraft of Airiinel 
is routed via the satellite 12, the ground earth station GES and a base station 
controller BSC1 dedicated by Telecomi to the ground earth station GES. 

The base station controller BSC dedicated to a ground earth station 
GES and described above in connection with the primary and secondary em- 
bodiments of the invention, can be set to control one or several base stations 
located in a moving target, for example, in an aircraft, and thus to control the 
cell fornied by the service area of the base station. For example, the service 
areas of base stations located in several different aircrafts can form one mov- 
ing location area, which is controlled by the base station controller according to 
the invention. From the cells fomied by the moving base stations of a moving 
location area, preferably no handovers to other terrestrial or moving cells is 
done, especially while the moving cell is moving. Correspondingly, no hando- 
vers are done from other cells to these cells of moving base stations. 

The drawings and the related description are only intended to 
demonstrate the principles of the invention. The details of call routing ac- 
cording to the invention can vary within the claims. Even though the inven- 
tion is described above primarily in connection with an aeronautical cellular 
network located in an aircraft, the method can also be used for connecting 
other kinds of moving cells, such as cells located in a ship, to a conventional 
mobile communications system. In this application, the call routing includes 
also the routing of other connections, such as data connections and short 
messages, and the routing of signaling. The method according to the inven- 
tion is suitable for connecting a moving cellular network to any other public 
cellular network. 
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Claims 

1. A method for routing a subscriber's call via a moving base sta- 
tion in a radio system. v\/hich comprises mobile stations (MS), base stations 
(BTS) and at least one control unit (BSC) for controlling the operation of the 
5 base stations, characterized in that the radio system comprises at least 
one moving base station and that the method further comprises the steps of: 

establishing a moving location area, the area consisting only of 
service areas of moving base stations and covering at least the service area 
of one moving base station, 
10 dedicating a control unit (BSC) of at least one operator to control 

the operation of the moving base stations belonging to the said moving loca- 
tion area, 

routing the calls made by a subscriber within the service area of 
the moving base station from the subscriber terminal via the moving base 

15 station, a relay satellite (12) and a ground earth station (GES) to one dedi- 
cated control unit (BSC), and 

routing the calls to a subscriber located in the moving location area 
from one dedicated control unit (BSC) via a ground earth station (GES), a 
relay satellite (12) and the moving base station to the subscriber terminal. 

20 2. A method according to claim 1, characterized in that a 

control unit (BSC) of one operator is dedicated to control the operation of the 
moving base stations belonging to the said moving location area. 

3. A method according to claim 1, characterized in that calls 
are routed between a subscriber terminal located in a moving location area 

25 and the control unit (BSC1. BSC2. BSC3) of the subscriber's home operator. 

4. A method according to claim 1, characterized in that the 
network signaling needed between a moving base station and to the ground 
earth station dedicated operator's control unit (BSC) is routed over a satellite 
path. 

30 5. A method according to claim 1, characterized in that, at 

least for the duration of the moving of the moving base station, the sub- 
scriber terminal's handover from the base station of the moving location area 
to other base stations is prevented. 

6. A method according to claim 1, characterized in that, at 

35 least for the duration of the moving of the moving base station, subscriber 
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terminals other than terminals registered into the network via a moving base 
station are prevented from connecting to the moving base station. 

7. A radio system comprising mobile stations (MS), base stations 
(BTS) and at least one control unit (BSC) for controlling the operation of the 

5 base stations, characterized in that the radio system further comprises 
at least one moving base station and the service areas of the 
moving base stations form at least one moving location area, which com- 
prises only service areas of moving base stations, the said moving location 
area covering the service area of at least one moving base station, and 
10 at teast one dedicated control unit (BSC) for controlling the moving 

base stations, the said control unit (BSC) being in fixed connection with the 
ground earth station (GES). 

8. A radio system according to claim 7, characterized in that 
the radio system comprises at least one dedicated control unit (BSC) for 

15 controlling the moving base stations in such a manner that one moving base 
station is controlled by one control unit (BSC) only. 

9. A radio system according to claim 7, characterized in that 
the radio system comprises at least one dedicated control unit (BSC) for 
controlling the moving base stations in such a manner that calls are routed 

20 via a dedicated control unit (BSC1, BSC2, BSC3) of the home operator of 
the subscriber located in the moving location area. 

1 0. A radio system according to claim 7. characterized in that, 
in the radio system, there is a satellite path between the moving base station 
and the dedicated control unit (BSC). 
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